METHOD FOR MEASURING AND ANALYZING BIOLUMINESCENCE 
ANDDEVIi 




PACKGRQUNP OF THE INVENnON 
Field of the InvcDtion 

[0001] This invention relates to a method for measuring and analyzmg 
bioluminescexice and an apparatus for measuring and analyzing faiolumi] 
This inventiOD also contains a program for real-time monitoring and analyzing of 
bibluminescence data socfa as drcadian biolraninescence rhythxos. This inveii-^ 
tion is preferably useful in genetic screening of mutants for the research of gene 
expression, espedally^ research for the biological rhythms using bioluminescence 
reporter genes. Her^, the rhythm measurement and analysis is originated from 
that the biometry lepeats one day periodic cycle with time within several days oif 
measurement and analysis. 
Description of the prior art 

[0002] In a conventional measurement of bioluminescence, a tabular 
software program and an analysis software program for data processing can not 
be driven with a control software program of a bioluminescence measurement 
device simultaneously because the CPU is overloaded and OS (operation system) 
in the computer become to be unstable. In this point of view, measurement 
results are stored as text file in a mecaory of the bioluminescesice mcasuremepi 
apparatus through the control on the control software program, transferred into 
the tabular software program, and analysed in data by utilizing an external 
software program (see, Non-Patent document 1). 
[0003] 

[Non-patent document 1] 

''Novel features of Drosophila period transcription revealed by real-time 
lucif erase reporting" by Christian Brandes et al.. Neuron, V6L 16, pp687-692 
[0004] Therefore, the measurement results can not be recognized in real-tinic 
by an operator, so thai the measurement condition and the like can not be 
controlled flexibly on the measurement results. Moreover, since the conven^ 
tiooal bioluminescence measurement apparatus does not contain any statistical 
processing functions, we can not analyze large-scaled measurement results 
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rapidly and it requires much time in the judgment of the results (in this case, the 
measurement is stopped). Particularly, it requires much time in the selection of 
mutants in a laige-scaled genetic screemng of mntant using bioluminesoeBce. 
Therefore, the bioluminesoence measurement apparatus can not be utilized 
effectively. 

[0005] Bioluminesc:ence real-time measurement is effective in the comprehen- 
sive screening of mutants relating to the key gene e^ipression because we can 
monitor gene expression continuously as bioluminesoence from living cells, so 
expected as effective measurement in comprehensive analysis of genome 
function. With conventional bioluminesoence measurement apparatus, however, 
a larger-scaled measurement and analysis can not be realized, 

SUMMERY OF THE INVENTION 
[0006] It is an object of the present invention to provide a method and an 
apparatus for measuring and analyzing bioluminescence which are based on the 
conventional bioluminescence real-time measurement. 

[0007] In order to achieve the above object, this invention relates to a method 
for measuring and analyzing bioluminesoence^ comprising the steps of: 

receiving in real-time a luminescence measurement result group from a 
sample group of organism, 

sorting as time series data and displaying and maintaining the luminescence 
measurement result group in real-time, 

receiving in real time another luminescence measiirement result group frmn 
the sample group of organism, and 

displaying and maintaining the another luminescence measurement result 
grpup in real-time, instead of the luminescence measurement result grouj). 
(0008] In the present invention, measurement data under bioluminescence 
measurement can be recognized in real-time by an operator, so that the 
measurement condition and the like can be controlled flexibly. For aample, the 
measurraient period of time can be shortened on the measurement data and 
another measurement preparation can be realized thereon. Therefore, the 
measurement efficiency in bioluminescence measurement can be raised. 
[0009] In a prefened embodiment of the pres»it invention, this invention is 
characterized by preparing a biolim:iinescence measurement result groups. 
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receiving first luminescence measuremmt result groups in real-timc from 

■ 

the sample groups with time stamp^ 

sorting as time series data and displaying and maintaining the first 
luminescence measurement result groups in real-time, 

receiving sea>nd luminescence measurement result groups in real-time 
from the sample groups with time stamp, 

sorting as time series data and displaying and maintaining all luminescence 
measurement result group^B in real-time, and 

repeating these sequences automatically. 
[0010] In this case, if a plate with 96 wells is used, data of 96 samples can be 
treated simultaneously. Therefore^ a lax]^ amount of data in the bioluminescence 
measurement can be recognized in a short period of time by an operatoi: With 
the combination of a given printing means with the above-mentioined preferred 
embo^'*»ent . the la rge.amonnt of data can be printed by various scales to be . 

■ " ■ 

recognized visually in a short period of time. 

[0011] In another preferred embodiment of the present invention* the 
luminescence measurement result group and the otheis another luminescence 
measurement result group are stored and compared through reading out. 
Moreover, the luminescence measurement result groups and the others are stored 
and compared through reading out. 
' [0012] In this case, since the large amount of data in the bioluminescence 
measurement be stored in real-time, the data can be compared with eadi . 
other in real-time. Therefore, the bioluminescence with time can be recognized 
in real-time. In this point of view, the bioluminescence measurement can be 
performed as follows: 

(A) The culture condition can be varied appropriately on the feedback of the 
measurement data. 

(B) Response for external stimuli given to samples is recognized in real-time as 
changes of bioluminescence levels. 

(C) The measurement is performed in a minimum period of time to be required, 
[0013] In mutant screening, since the appropriate measurement condition is 
determined at every measurement, the function (A) is important. In mutant 
scxeening, the function (C) is also important because as much as possible samples 
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must be measured in a short period of time. In the analyzing of isolated mutants, 
the function (B) is much important because this function enables us to analyze 
the xesponse of reporter gene expression in the mutants to stimuli in detail and in 
real-time. 

[0014] In still another preferred embodiment of the present invention, the 
rhythm of at least one of the hmunescence measurement result group and the 
another luminescence measurement result group is analyzed. Moreover, the 
rhythm of at least one of the first luminescence measurement result groups and- 
the second luminescence measurement result groups are analyzed. 

In the measurement and analysis using a plate (e.g», with 96 wells) 
which contains sample in each well, conventionally, since data per plate are output 
as text files successively, each luminescence fxom each well of the plate can be 
recognized. In the above-mentioned preferred embodiment, each luminescence 
corresponding to each well of the plate can be measured with tim©» and plotted in 
the plot drawing area of the analyzing program in the present invention. 
[0015] In general, luminescence from each well of the plate is changed with 
time as follows: 

(A) Linear regulation: each luminescence is increased or decreased with time 

(B) Periodic regulation: each luminescence is increased and decreased 
periodically, which is effective in the calculation of luminescence period, phase 
at minimum luminescence and maximum luminescence, amplitude of 
luminescence oscillation, or precision of the calculated luminescence period. 
[001 Q In a further preferred embodiment of the present invention, mutant 
screening is performed statistically. 

[0017] In this case, since the mutant screening is carried out on the statistical 
processing function, the average, standard deviation and variance of the 
measurement results can be easily obtained and we can use these data to judge 
and select mutants. Therefore, a large-scaled mutant screening can be carried 
out easily and rapidly on the statistical processing function. 
[0018] In a still further pieferxed embodiment of the present invention, 
analysis data on the luminescence measurement result groups group and the 
another luminescence measurement result group are outpuL Moreover, analysis 
data on the first luminescence measurement result groups and the second 
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luminescence measurement result groups are output 
[0019) In this case, the average, standard deviation and variance of the 
measurement results can be easily recognized. For example, if 20 plates are 
used, the average, standard deviation and histogram of maximum 1$20 measure- 
ment results relating to pcaiod length and phase of rhythms can be easily 

calculated and displayed. The 1920 xneasuicmcnt results are obtained from 20 
plates X 96 wdls. The histogram, for example, is iUustrated by the abscissa axis 
relating to measurement data and the ordinate axis relating to data numben 
[0020] In this case, the measurement analysis can be easily enhanced on the 
displaying function relating to the histogram and the like. All of the 

measurement results can be recognized simultaneously from the histogram 
displaying or printing, etc., to be investigated to a short period of 
[0021] O)nve»tionally, all of the measurement results can not be displayed 
and printed simultaneously because of the poor function. For example, the 
measuiemrats results are displayed and printed at eight per papex (1920 
measurement results are printed cut at 240 papers). In this pref eixed 
embodiment, in contrast, the 96 measurement results can be recognized in only 
one display and 1920 measurement results can be printed at minimum 40 papers. 
[0022] With the above-mentioned prefened embodiments, the 
bioluminescence real-time measurement of the present invention becomes 

effective in the comprehensive genome function analysis and the comprehensive 
screening of mutant of post^genome. 

Recently, genome sequences of various organisms have been 
determined, and comprehensive analysis for genome function is carried out on 
the genome sequences. The comprehensive analysis is usually carried out by 
the DNA array method. The function of the DNA array method can be 
complemented by the present invention, and the present invention is usefiil in the 
research of gene expression in real-time and large-scale. Therefore, the present 
invention is key point in the compiehensive analysis of genome fonction. 
[0023] According to the present iirvention, the measurement data can be 
analyzed precisely and easfly, compared with a conventional lecshnique as 
mentioned above. In the conventional technique, the measurement data are 
analyzed on MS-DOS program driven through Excel macro program, which 
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inhibits tlie drive of another program during the analysis. In addition, some 

■ 

measurement data not required in analysis can not be removed. In the present 
invention, in contrast, analysis condition such as analysis period and analysis 
parameters can be controlled on the measurement results due to the real-time 
measurement and analysis. 

[0024] Other features and advantages of the present inventioi^ will be 

described in detail, hereinafter* 

BRIEF DESCRIPTIQN OF THE DRAWINGS 
For better understanding of the present invention^ reference is made to 

the attached drawings, wherein 

Fig. 1 A is a schematic representation of the bioluminesoent reporter 

system. 

Fig. IB is a photograph showing a portion of a measurement sample. 
where the organism containing bio luminescent reports gene are prepared in 96 
wells of a plate, 

. Fig. 2 is an explanatory view of apparatus for measurement of 
bioluminescenc according to the present invention, 

Fig» 3A shows a software driving window of a computer to be 
employed in the measurement. 

Fig. 3B shows a software window under measurement of the 
computer which is switched in displaying. 

Fig. 3C shows an analysis window of the computer which is switched 
in displaying, 

Fig. 3D shows a mass displaying window of the computer for 96 
samples which is switched in displaying. 

Fig. 3E shows an analysis condition window of the computer which is 
switched in displaying. 

Fig. 3F shows a statistical processing window of the computer which 

is switched in displaying. 

Fig. 3G shows a pickup window of the computer which is switched in 

displaying. 

Fig. 4 shows some enlarged vdndows relating to Figs. 3A, 3E, 3F and 

30, 
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Fig. 5 shews an enlarged window relating to Figs, 3B, 
Fig. 6 shows an enlarged window relating to Fig. 3Q, and 
Fig. 7 shows an enlarged window relating to Fig. 3D. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0025] This invention will be descxibed in detail with reference to the 
accompanying drawings, but is not limited to the following embodiments. 

(1) Sample of organisms 

In the present invention, since bioluminescenoe is measured, a sample 
of organisms should contain bioluminescenoe reporter gene. The sample of 
organisms is made by genetic engineering. In the genome of the organisms, a 
bioluminescent reporter gene, such as firefly lucifimse grae and bacterial 
luciferase gene, is fused to the promoter region of the target gene which controls 
the gene expression, so that the transcriptional activities of the target gene in the 
living cell can be monitored as bioluminesceiK^ in real-time (Fig. 1 A). Cells of 
organism which contains bioluminescent reporter gene is placed into each 96 
well of a plate and the plate is sealed by a plate seal (Fig. IB). 
[0024Q In the present invention, the rhythm analysis function and the display* 
print function are applied to all kinds of measurement data, such as ^oel files 
and text files, by the reading function of the program in present invention. For 
example, more than 3000 gene expression measurement data, obtained by DNA 
array, can be analyzed on the program in present invention* 
[0027] In the present invention* the real-time bioluminescence measurement 
cat! be applied to all organisms. The analyzing program in the present invention 
can be applied to analyze various biological phenomena as follows: 
[0028] Analyzing electric signals generated from cultured neuron cells, 
analyzing oscillation of mitotic rate of cultured cell, analyzing oscillation of 
hormone concentration, neuron pulse at the insertion into a brain in animal, 
analyzing activity of an organisms £rom bacteria to fly to human beings, 
analyzing oscillation of body temperature and blood pressure in animal, and 
analyzing rhythms of leaf movement in higher plant 
[0029] 

(2) Bioluminescenoe measurement apparatus 

As shown in Fig. 2, the bioluminescence measurement apparatus 1 
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includes the cultivating unit 3 where the oiganisnis 2 (prepared into 96 wells of 
the plate) is set, the luinincscenoe measurement unit 4, and the conveying unit 5 
which conveys the samples 2 to the measuranent unit 4 ftom the cultivating unit 
3 or to the cultivating unit 3 fxom the measurement unit 4. 
[0030] In the cultivating unit 3, the samples 2 are cultured under unifonn 
condition. He conveying unit 5 is composed of the conveying raU 6 laid 
between the cultivating unit 3 and the Woluminescence measurement unit 4 and 
the conveying ann 7 to be moved between the cultivating unit 3 and the measure- 
ment unit 4. the conveying aim 7 is movable along the directions X, X Z. 
nie culnire condition on the cultivating unit 3 and the conveying condition of ttie 
conveying unit 5 are controUed on the built-in sequential controUa (not shown). 
The plate number, the measurement cycle and the measurement timing are 
controlled by the built-in sequential controller. The operations of the cultivat- 
ing unit 3 and the conveying unit 5 can be carried out with the equipped touch 

* ■ - - • 

panel electrically connected to the sequential controller. The samples 2 are 
measured at the bioluminescenoe measurement unit 4 which is a sdntillaUon 
counter controlled by sequential controller via RS232C. 

[0031] 

(3) Bioluminesoence measurement unit 

The bioluminescence measurement unit 4 includes the sample setting 
unit 8, the photon detector 9 which consists photomultiplier tubes to measure 
luminescence ftom the samples 2, and the built-in computer 10 to receive signals 
ftom the photon detector 9. The bioluminescence measurement is carried out on 
the control signal from the bnflt-in computer 10 after the samples 2 are set in U»© 
measurement unit 4. The measurement is carried out successively at each wdl 
of the plate, and then, at ev«y pUtc. The obtained measurement results are 
transferred to the external computer 11, and storiid into a designated directory 
thereof. Real-time bioluminescence monitoring and analyzing software in the 
external computer 11 read the transferred results from the directory and analyze 
the data in real-time. 

[0032] If the real time bioluminescence monitoring is carried out on the 
computer to control the hardware, differtait ftom the present invention, there will 
be some problems as follows: ^ ' 
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(A) The biolumincsccnce measurement is disturbed doe 10 the enor by am 
opetatof • 

(B) The culture conditions of organisms on the cultivating unit 4 is affected 
and fluctuated when an operator goes in and out the room set on the measurement 
apparatus and cultivating unit 4. 

[0033] 

(4) Analyzing the biolumincscenoe data 
® Real-time 

In the present invention, the measurement results of bioluminescence 
are received and analyzed in real-time at the external computer 11. If it takes 
six minutes in bioluminescchoe measurement per one plate (total 20 plates) and 
the measurement results per plate are transferred to the external computer 11, it 
takes 120 minutes in the total bioluminescence measurement of 20 plates. 
In one ^cle of roeasuremeiit, therefore, the total measurement results of 20 
plates are transfeired into the external computer 11 at every 120 minutes. In the 
present invention, the ''real-time" means the cyclic time duration. 
[0034] In the general biohmunescence measurement, since it takes one 
through seven days to complete the measurement, the cyclic time duration is 
short enough to realize the real-time measurement The measurement can 
proceed at every several horns, which is veiy short in comparison with the total 
measxirenaent period of time* 
r0035l 

(5) The measurement results can be displayed and stored in real*-time 
commensurate with the real-time measurement as mentioned above. In this case, 
the three functions are important as described in paragraph [0012]. 
(D The real-time measurement traces the luminescence with time at each data 
point, that is, eadi well of the plate with the corresponding sample therein. 
In the case of measuring and analyzing biological rhythms, since the 
luminescence is periodically changed with a period length about 24 hours, the 
rhythm analysis can be carried out for the measurement results by the program 
described in this inv^tion. 

[0036] The rhythm analysis is carried out by means of a conventional 
technique such as cosinor method or visual inspection method with linear 
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regression (see, [Research of living body rhythm by Ken-ichi Honma cl al., 
published by Hokkaido University, etc]. With the cosinor method, various 
cosine waves with their respective periods axe generated, and one cosine wayc 
most resembling to the measorement results is selected from among the cosine 
waves. Therefore, the periodicity of the measurement results can be detennined. 
With the visual inspection method, the peaks of the measurement results is 
deteaed, and the periodicity of the measurement results is determined on the 
time duration between the adjacent peaks in period of time. 

[0037) 

® Statistical analysis 

The statistical analysis of the presmt invention will be described in 
detaiL As mentioned above, the average, standard deviation and histogram of 
the measurement results (e.g*, 1920 measurement results) relatiiig to period 
4ength.and-phase of xhythxns can be easily calculated and displayed. The 
histogram is illustrated by the abscissa axis relating to measurement data and the 
ordinate axis relating to data number. la this case, the standard data distrabution 
can be recognized from the histogram and a mutant can be easily recognized by 
the deviation from the standard data distribution. 

[0038] The sample of organisms relating to the deviation from the standard 

data distribution is selected on "Pidcup Window". If the selecting period length 

is set to 28 hours or ovct and the luminescence intensiQr is set to 20 thousands or 

over for the measurement results with a period lang^ of 24 hours and a • 

luminescence intensity range of 10 thousands, a longer in period and stronger in 

intensity can be selecrted (e.g., depicted as dot on the window). 

(0039) The analysis process will be described with refeceiice to Fig* 3. 

The display illustrated in Fig. 3 belongs to the es^temal computer 11 illustrated in 

Fig- 2 or another computer. Fig. 4 shows some enlarged windows relating to 

Figs. 3A, 3E, 3F and 3G, and Fig. 5 shows an enlarged window relating to 

Figs. 3B. Fig, 6 shows an enlarged window relating to Hg. 3C, and FSg. 7 

shows an enlarged window relating to Fig. 3D. 

[0040] 

(1) Fig. 3A 

Fig. 3A relates to a software driving window of the computer to 
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determine mcasurexnent or analysis. 

(2) Kg.3B 

Fig. 3B relates to a software window under measurement of the 
computer which is switched in displaying. The measurement data relating to the 
selected button of the plate arranged upper right in the display is displayed in the 

• * 

drawing area ananged below in the display. 

(00411 

(3) Fig.3C 

Fig. 3C shows an analysis -window of the conqjuter which is switdjed 
in displaying. The windows relating to Figs. 3E.3G are accessed from the 
analysis window. The analyzed results are displayed and punted from the 
analysis window, and output to another spreadsihee* software from the analysis 

window. 
-(4)-Fig.3D 

Fig. 3D shows a mass displaying window of the computer for 96 
samples which is switched in displaying. The mass displaying window is 
accessed from the wiiidow relating to Fig. 3B or Fig- 3C. 
(5)Fig.3E 

Fig. 3E shows an analysis condition wndow of the computer which is 
switched in displaying. In this window, the calculation condition and/or the 
analysis ccidition are determined. In this window, for example, the measurement 
results are analyzed in the following calenlation: 
[0042] 

(D Calculat)<»i A 

Peak reoogoizing method: The peaks of the rhythms are recognized by 

means of visual inspection method and analyzed. 

Bottom recognizmg method: The troughs of the rhythms are 
leoognized by means of visual inspection method and analyzed. 

According to the above-mentioned analysis, the peaks and troughs of 
the rhythms can be recognized automatically. If some peak or trough positions 
automatically recognized by the program are incorrect, these positions can be 
corrected manuaUy and the rhythm analysis can be performed predsely through 
the recalculation. 



03015 (2003-61,203) 



-12- 

[0043] 

(Calculation condition) 

Analysis data range: The data range of the measurement results to be 
analyzed is determined. The normal data range is set to the entire range of the 

measurement results. 

Smoothing ON/OFF; The normal smoothing condition is set to **0N'\ 

In this condition, it is selected whether the original measurement results are 
analyzed or the smoothed measurement results through moving average a^ 

analyzed. 

Calculation period range: The normal calculation period range is set 
to "ON*'. If the distance between the adjacent peaks or the adjacent trougjis of 
the rhythms is beyond a predetermined range^ additional peaks or bottoms arc 
automatically added to or deleted from the measwement results throu^ 

compensation. . 

10044] 

(D Calculations 

Cosinor method: The most projdmate cosine wave is calculated by 
means of cosinor method* The cosinor method is suitable for the calculation of 
rhythms with much noise or with long distance of peaks or troughs. The coslaor 
method enables the rhythms of the measurement results to be calculated. 
[0045] 

(Calculation condition) 

Analysis data range: The data range of the measurement restdts to be 
analyzed is determined. The normal data range is set to the entire range of the 

measurement results. 

Simple calculation ON/OFF: The simple calculation condition is set 

» 

to "ON". In this condition, the multiple rhythms of the measurement results are 
not analyzed, and the calculation period range is set within a given range. As a 
result, the speed of calculation is enhanced. 

Calculation period range: The normal calculation range of period 
length is set to *'ON". The period length of the cosine wave to be approximately 
calculated by means of cosinor method is defined within the calculation period 
range. 
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[004«) 

(5) Fig. 3F 

Fig. 3F shows a statistical analysis window of the program on the 
computer which is switched m displaying, lie measurement results of all of 
the plates where the samples of organisms are prepared arc statistically analyzed, 

■ 

displayed and printed through the program described here* 

(6) Fifr3G 

Fig. 3G shows a pickup window of the program on the computer 
which is switched in displaying. Jn this window, the selecting condition to 
pickup some measurement results beyond the normal distribution is determined* 
The pickup measurement results are represented by dots on the well selecting 
area provided upper right in Fig. 3(c). This pickup window Is used in order to 
select samples such as screened mutant that are defined by whether the measure- 
_ment result relating to the mutant is beyond the upper limit and the lower limit 

• 

[0047] 
Example: 

A plurality of plates, each with 96 weUs, are prepared on the cultivat- 
ing platform installed in the bioluminescence measuring apparatus, and measured 
per plate under cultivation. In this case, the plates are successively conveyed 
into the measurement unit The luminescence from the samples in the plates arc 
measured with the photon detectoi^ and the thus obtained measurement results are 
transferred to the external computer. The measurement results are analyzed and 
displayed in real-time by the program in the present invention. After the 
measurement and analysis, the plates are brought back onto the cultivating 
platform. The above-mentioned process is repeated per measurement and 
analysis of one plate (Fig. 2). 

[0048] According to the present invention, the measurement results can be 
displayed iri real-time under roeasuxcjnent (Fig. 3B). On the real-time 
measurement, various measurement conditions can be flexibly set, and the 
measurement period of time can be shortened. Moreover, since measurement 
results relating to the same plate or the diSerrat plates can be displayed 
simultaneously, they can be compared simultaneously and simply (Fig. 3D). 
The analysis for the measurement results can be performed under measurement . 
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(Fig. 3Q. In the mutant screening, a mutant can be selected statistically and 
easily at the exclusive windo>v (Fig, 3F and 3G). 
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